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Abstract
The VISPA internet platform enables users to remotely run Python scripts and view resulting plots or inspect
their output data. With a standard web browser as the only user requirement on the client-side, the system becomes
suitable for blended learning approaches for university physics students. VISPA was used in two consecutive years
each by approx. 100 third year physics students at the RWTH Aachen University for their homework assignments.
For example, in one exercise students gained a deeper understanding of Einsteins mass-energy relation by analyzing
experimental data of electron-positron pairs revealing J/Ψ and Z particles. Because the students were free to choose
their working hours, only few users accessed the platform simultaneously. The positive feedback from students and
the stability of the platform lead to further development of the concept. This year, students accessed the platform in
parallel while they analyzed the data recorded by demonstrated experiments live in the lecture hall. The platform is
based on experience in the development of professional analysis tools. It combines core technologies from previous
projects: an object-oriented C++ library, a modular data-driven analysis ﬂow, and visual analysis steering. We present
the platform and discuss its beneﬁts in the context of teaching based on surveys that are conducted each semester.
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1. Introduction
Deploying a common stack of software to a diverse
group of users with heterogenous hardware, operating
systems, and computing skills presents a serious chal-
lenge to maintenance staﬀ. This challenge reduces if
computing resources including the software are pro-
vided centrally. Only a small requirement on the in-
dividual device of each user is needed. The VISPA In-
ternet Platform implements such an architecture to pro-
vide common software to many diﬀerent users [1]. The
only condition for its users is an up-to-date web browser
that nowadays is pre-installed on many operating sys-
tems including phones and tablets. While the platform
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was developed to enable physics data analysis, its ﬂex-
ible design makes it possible to take advantage of any
software library.
Students in a university course comprise a diverse
user group in the aforementioned sense. Therefore,
courses aiming at teaching the usage of certain soft-
ware libraries or related methodology, e.g. program-
ming courses, can beneﬁt from the platform.
The term blended learning describes to describe ap-
proaches that aim at improved learning results due to
the combination of traditional teaching and e-learning
components [2]. In conjunction with traditional courses,
VISPA especially fulﬁlls the aspect of ‘learning, com-
munication, information and knowledge management
independent of location and time in combination with
exchange of experiences, . . . and personal meetings in
classic face-to-face training situations’ [2].
At RWTH Aachen University, physics Bachelor stu-
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dents use VISPA since 2012 in diﬀerent courses. They
perform exercises to learn physics data analysis both in
homework assignments and also during lectures. We
present the architecture of the platform and our experi-
ences with the students.
2. The Platform
As shown in Figure 1, the VISPA Internet Platform
consists of three main components.
Figure 1: The three main components of the VISPA Internet Platform
are depicted along the communication protocol that is used between
them: the client, the server, and associated workspaces.
The client runs in the user’s web browser and presents
the user interface. It uses up-to-date web standards
such as HTML5, CSS3 and JavaScript.
The VISPA Web Server receives and handles requests
from the client. Its functionality is implemented in
the Python language. While the server takes care of
user authentication and session management etc.,
its role is best described as the mediator between
the client and one or more workspaces.
TheWorkspace is a computer that the server can access
via the SSH protocol and has a working Python in-
terpreter. Computing tasks for the user will run on
a workspace.
The following example illustrates the interplay be-
tween the components: The user wants to open and run
a Python script. First, the user logs into the VISPA Web
Server providing his credentials. If there is a default
workspace, the server will automatically connect to it. If
multiple workspaces are conﬁgured, the user can decide
to which of them he wants to establish a connection.
Once a workspace is connected, the user can open an
application on the platform such as a ﬁle browser. From
this ﬁle browser, the user can chose the desired Python
ﬁle, which resides on a ﬁle system on the workspace.
The ﬁle will open in another application: the code edi-
tor, see Figure 2. The editor allows the user to browse
and edit the ﬁle. It also displays an execute button and
shows, once the button is pressed, the terminal output
of the execution. Any newly created graphics ﬁle in the
directory of the Python ﬁle that can be displayed in a
browser, e.g. graphics ﬁles, will automatically appear as
a preview in the lower right of the user interface. In this
example, the combination of editor, execution with ter-
minal output, and display of resulting plots allows rapid
prototyping and development cycles.
Since both administrators and users can conﬁgure
workspaces, and the requirements for the workspaces
are minimal (SSH and Python), the system is able to
scale with the number of concurrent users.
In the case of the physics courses, initially a proto-
type system with a workspace consisting of ten working
nodes was used. After the pilot project worked success-
fully, the VISPA web server was upgraded with an as-
sociated computer cluster of 128 cores on 16 individual
nodes.
Figure 2: The main tab-based user interface is shown with the code
editor as exemplary application.
The platform is developed as an open source project,
which allows anyone to set up his own VISPA server
[1].
3. In the Lecture Hall
A study on the evaluation of the ﬁrst application of
VISPA for students’ homework assignments in 2012
was published [3]. In the 2012 setting, the students
needed to acquire certain credits to qualify for the writ-
ten examination of the course ‘Particle Physics and As-
trophysics, which is part of the ﬁfth semester of the
Bachelor’s program in physics. They were oﬀered to
obtain up to 25% of the credits by performing data anal-
ysis assignments on the VISPA platform. Since it was
also possible to get enough credits without these assign-
ment, students were free to participate in these assign-
ments. 135 of the 188 registered students took part in
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the analysis assignments. An evaluation questionnaire
was answered by 63 students out of which 61 partic-
ipated in the online homework. Their feedback was
mostly positive as indicated by the right hand plot in
Figure 3. As shown on the left-hand side, many of them
even agreed with the statement that their understanding
of the course was deepened by these exercises.
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Figure 3: Some key indicators from the student questionnaire are de-
picted. Left: VISPA deepens the understanding of the course material.
Scale ranges from -2 for complete disagreement to +2 for full agree-
ment. Right: The overal mark students gave VISPA with 1 being the
worst and 5 the best grade. More indicators may be found in [3].
In 2013, the same course was taught with a similar
setting conﬁrming the feedback from the year before.
In both years, there was a two-week window between
assignment and deadline to hand in the result. This cre-
ated an intended freedom for them to choose the time
when they wanted work on the assignments. While
there were certain activity peaks in that window, i.e. the
day and evening before the deadline, at any time there
were only a few students using the platform simultane-
ously.
Due to the positive feedback from students and due to
the stability of the platform, the concept was adapted for
a fourth semester physics Bachelor course on ‘Atoms,
Molecules and Nuclei’. As a traditional part of that
course, scientiﬁc staﬀ demonstrates experiments dur-
ing lectures. The lecturer focussed on presenting the
broader context of the experiment and analysis. This
time, the students could analyze the data on the In-
ternet platform either individually or in small groups
using provided skeleton scripts. These small analysis
tasks were again followed by homework assignments
that typically extended the analysis task of the lecture.
The evaluation of a student survey was answered by
63 to 80 students depending on the question. Between
30% and 50% actively worked on the on-line analy-
sis during the lectures. At the same time, up to 61%
took the opportunity of small breaks that were provided
for the analysis to engage in discussions on the experi-
ments and the corresponding analyses. The subsequent
homework analysis exercises were done by up to 87%
of the students for which they could again obtain credits
to participate in the written examination. Besides these
credits, other reasons that might have motivated more
students to work on the homework assignments are the
ﬂexible working hours at home, and the more structured
written instruction.
In future iterations of physics courses, it is planned
to examine these potential impacts on the participation
further.
4. Conclusions
We presented the concept of the VISPA Internet Plat-
form. Originally developed as a tool for professional
data analysis, its premise and ﬂexible design proofed to
be a successful basis for e-learning and blended learn-
ing approaches. First trials of the platform as a com-
pliment to traditional teaching of university physics stu-
dents gained positive feedback from students. The ca-
pabilities of the platform allowed to adapt the concept
of analysis exercises to apply it during lectures, where
all students accessed the system simultaneously. Due to
light requirements on the client side, the platform makes
it easier for students to start earlier in their careers with
algorithm-based data analysis than before.
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